I. Introduction
The strengths of using Hamiltonian formulations of physical problems are well-known.
The Hamiltonian framework gives all the equations of motion from derivatives of a single function (the Hamiltonian), and symmetries of the problem,and the mathematical simplifications whichaccompany these symmetries, are most readily apparent. Inaddi tion, because of the conciseness and generali ty of the Hamiltonian formulation, formulae governing different but analogous physical situations (e.g. particle motion in different geometries) are often formally the· same, but with different physical interpretations associated with the symbols in the different specific situations.
On the other hand, use of a Hamiltonian formulation can present certain difficulties. The necessity to employ only those sets of variables which are canonically conjugate places a constraint on the user, sometimes causing the connection between the canonical variables and their physical significance to become tenuous.
The work of P. Channell 1 establishes a formalism for generating selfconsistent, exact Vlasov equilibria for a slab geometry, allowing for arbitrary magnetic shear, variation in magnetic field strength B :: I!I, and in density in the sole direction (~) of inhomogeneity, the scale lengths of these quantities (LS,L B , and Ln' respectively) being limited only by the self-consistency of the equilibria generated. The formalism is phrased in terms of canonical variables and, in particular, calls for the specification of the distribution function fs f or par ticles of species s in terms of the invariants of the motion; the Hamiltonian H, and the y and z components P:: (Py,P z ) of canonical momentum. The in terms of which the Channell formalism is described, and the physical matical origin of two interesting effec ts of magnetic shear on the dispersion equations governing plasma s tabili ty, again using the graphical method to give physical insight into the mathematics. In Section IV we briefly summarize the work of the previous sections. Here, ~:: Pyy +Pzz is a constant, owing to the translational invariance in the y .and z directions, and so the particle motion problem described by (1) has one nontrivial degree of freedom, formally identical to the truly one-dimensional problem of a particle making oscillations in a potential V(x), wi t~ ~ serving only as a parameter. The magnetic field !(x) = ~By(X) + ~8z(x) is assumed to have zero ~ component, but may otherwise byarbitrary. For such a magnetic field, the vector potential ~(x) may be taken to have the form . ~(x) = ~~(x) + ~Az(x), where
-6-B = 9 x A x x dA/dx. The techniques to be developed here are most useful in situations in which the perpendicular inhomogeneity parameter n defined as the ratio of particle gyroradius p to magnetic scale length
Since n is typically much greater
. for ions than for electrons, we are here chiefly concerned with ions, though the methods are equally valid (wi th appropriate changes of sign and of mass) for the electrons.
Because the canonical momenta P occur in H only in the comb ination P-A where A _ e~, i t is useful to visualize all quantities in a single P or A plane. Setting ¢ = 0, Vex) is then given by
Graphically, this says that, given any point P in the P plane, Vex)
is simply one half the square of the dis tance from P to any point on the curve A(x). The form of the potential Vex) can then easily be read off. In par ticular, dropping a perpendicular from P through for a~l points P on that line. This is illustrated in Fig. 1, for We have drawn Fig. 1 Given., Xo (R.), we are in a posi tion to read off the parallel velocity of' a particle from Fig. 1 . In a sheared magnetic field, one must specify at what point x of a particle's gyroorbit v,, is to be evaluated. We adopt the natural choice x = XO. ·We introduce the coordinate system natural to the magnetic field at point x, given by the righthanded triad For any vector ~,we define C/x):: C· bj(x). Henceforth, we adopt A the convention that, whenever the argument x of b/x) or Cj(x) is not explicitly denoted, x is evaluated at XO. Thus, the quantity we
From Eq. (6), we see that graphically, v3 is just the length of vector ~ ... A.a, Le. the distance from curve .AJx) to poin t ~, along the Xo = constant line to which P belongs. This is shown in Fig. 1 for point c, which has positive v3.
Points band c have negative v3.
In terms of the b j coordinate system, the first of the guiding center conditions (4) may be written (7) where BO == B(X O )' and Since the curvature is proportional to siO which is the small-n limit of the frequency of oscillation in the po tential well (i. e. the gyrofrequency), this also tells us the effect of shear on the gyrofrequency.
For points having v3 > 0 (like point c in Fig. 1 the curvature continues to decrease, until a point is reached where v3 equals the local radius of curvature P (P :: eELs) of ~ (x) in the P plane. At .this point, the curvature of V(x), and so DO' become zero. This is the point of transition of the form of V(x) from a single well to a double well. We see that the nature of the particle motion in this region is highly sensitive to the value of f, and that small.perturbations acting on particles with P in this vicinity can dr.astically alter the particles' trajectories. This can have some interesting effects on the collective behavior of such particles, as we discuss in Sec. IIIB.
We have taken the sense of curvature of ~ (x) in Fig. 1 to be tha t produced by a positive parallel current. If we define this as positive shear (Ls> 0), we may summarize the expectations just described for· the effect of shear on DO as follows. We expect DO to equal the unshearedgyrofrequency Dc:: eBO/mc, multiplied by a function which equals unity for, v3 = 0, becomes greater than one for v3 > 0, and goes to zero as -v3 goes to P/m = LsDc. The simplest choice for a function satisfying these properties is 1 + (mv3/P) = 1 + (v3/LsDc).
We shall see shortly that an algebraic analysis shows that the proper function is just the square root of this, i.e. where Ks _ L -1 , KB ==dQ,n B/dx, and KE == d Q, n E/dx. Neglecting (13 ) (14 ) e¢(x) in V(x), and so neglecting the term in v E in Eq. (14) Eq. (9), we have that·· dH dvl ' and so the in tegral over veloci ty space analogous to Eq. (16) gives (18) indicating that the appropriate choice for f s is (19) We assume that we have made a self-consistent choice for fs or fs'
i.e'. that the currents and charge densities implied by fs are just such as to yield the assumed fields or potentials. As found in Ref. ,. /" .
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